Introduction: Milrinone at inotropic doses requires the addition of a vasoconstrictive drug. We hypothesized that terlipressin use could selectively recover the systemic vascular hypotension induced by milrinone without increasing the pulmonary vascular resistance (PVR) and mean pulmonary artery pressure (MPAP) as norepinephrine in cardiac surgery patients. Patients and Methods: Patients with pulmonary hypertension were enrolled in this study. At the start of rewarming a milrinone 25 µg/kg bolus over 10 min followed by infusion at the rate of 0.25 µg/kg/min. Just after the loading dose of milrinone, the patients were randomized to receive norepinephrine infusion at a dose of 0.1 µg/kg/min (norepinephrine group) or terlipressin infusion at a dose of 2 µg/kg/h (terlipressin group). Heart rate, mean arterial blood pressure (MAP), central venous pressure, MPAP, systemic vascular resistance (SVR), PVR, cardiac output were measured after induction of anesthesia, after loading dose of milrinone, during skin closure, and in the intensive care unit till 24 h. Results: Milrinone decreased MAP (from 79.56 ± 4.5 to 55.21 ± 2.1 and from 78.46 ± 3.3 to 54.11 ± 1.1) and decreased the MPAP (from 59.5 ± 3.5 to 25.4 ± 2.6 and from 61.3 ± 5.2 to 25.1 ± 2.3) in both groups. After norepinephrine, there was an increase in the MAP which is comparable to terlipressin group (P > 0.05). Terlipressin group shows a significant lower MPAP than norepinephrine group (24.5 ± 1.4 at skin closure vs. 43.3 ± 2.1, than 20.3 ± 2.1 at 24 h vs. 39.8 ± 3.8 postoperatively). There is a comparable increase in the SVR in both group, PVR showed a significant increase in the norepinephrine group compared to the terlipressin group (240.5 ± 23 vs. 140.6 ± 13 at skin closure than 190.3 ± 32 vs. 120.3 ± 10 at 24 h postoperatively). Conclusion: The use of terlipressin after milrinone will reverse systemic hypotension with lesser effect on the pulmonary artery pressure. 
Introduction
The resulting pulmonary hypertension from valvular disease is a major risk factor for increased mortality and morbidity in patients undergoing cardiac surgery. Patients often show decrease in pulmonary pressure after surgical correction of valvular pathology due to the release of left-sided obstruction. [1] However, residual pulmonary hypertension is either due to morphologic changes in pulmonary vasculature and/or increased pulmonary vasculature reactivity by various events during cardiac surgery. [2] Therefore, therapy aims at preserving the right ventricular (RV) contractility and lower postoperative pulmonary pressure. Milrinone, a phosphodiesterase III inhibitor, is commonly used during postcardiopulmonary bypass (CPB) period to decrease pulmonary artery pressure with a synergistic positive inotropic effect. [3] The phosphodiesterase III inhibitor usually leads to systemic vascular hypotension at inotropic doses and requires the addition of a vasoconstrictive drug as noradrenaline infusion. [4, 5] Although frequently used, these drugs have no selectivity on systemic vessels and may increase pulmonary vascular resistance (PVR) and pulmonary artery pressure. Vasopressin has been reported to be effective in restoring the systemic arterial pressure after septic shock, [6] postcardiotomy hypotension, [7] intraoperative paracentesis hypotension in cirrhotic patients, [8] and maintain pressure in off-pump cardiac surgery for milrinone-induced hypotension. [9] Terlipressin acts through the vasopressin system, which may be considered an important physiologic system for the
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For reprints contact: reprints@medknow.com regulation of arterial blood pressure. This long-acting synthetic analog of vasopressin has a half-life of 6 h and a higher vascular selectivity for vascular receptors compared with vasopressin. [10] In this study, we hypothesized that terlipressin use could selectively recover the systemic vascular hypotension induced by milrinone without increased PVR and mean pulmonary artery pressure (MPAP) as norepinephrine in cardiac surgery patients with pulmonary hypertension.
Patients and Methods
After institutional review board approval and written informed consent, patients scheduled for mitral and/or aortic valve replacement with pulmonary arterial hypertension (PAH) (an estimated RV systolic pressure ≥50 mmHg or mean PAP >40 mmHg or systolic PAP exceeding 50% of systemic systolic pressure) were enrolled in this study. Patients older than 70 years or younger than 20 years, emergency surgery, severe renal and hepatic dysfunction, uncontrolled supraventricular arrhythmia, or those requiring preoperative inotropes were excluded from the study. All patients received premedication with oral midazolam the day before surgery and intramuscular morphine 10 mg 1 h before surgery. In the operating room, all patients received routine monitoring consisting of a five-lead electrocardiography with ST-segment analysis, radial arterial pressure, pulse oximetry, capnography, and nasopharyngeal temperature probe. Anesthesia was induced with midazolam (0.1 mg/kg), propofol (1.5-2 mg/kg), fentanyl (15 µg/kg), and pancuronium bromide (0.1 mg/kg). Anesthesia was maintained until the end of operation with continuous infusions of fentanyl (1 µg/kg/h), propofol (1.5 mg/kg/h), and pancuronium bromide 0.05 mg/kg once each hour. A pulmonary artery catheter (Swan-Ganz, Edwards Lifesciences, USA) was inserted through the right internal jugular vein. All patients had valve replacement with mechanical prosthetic valve. During CPB, mild hypothermia (28°C-30°C) and antegrade cold crystalloid cardioplegic arrest with aortic clamping were used. Membrane oxygenators were used and flow rates of 2-3 L/min/m 2 with 70-90 mmHg of systemic perfusion pressure. All patients were rewarmed up to 36.5°C nasopharyngeal temperature before separation of CPB. At the start of rewarming a milrinone 25 µg/kg bolus over 10 min followed by infusion at the rate of 0.25 µg/kg/min was started for all patients. Just after the loading dose of milrinone, the patients were randomized to receive norepinephrine infusion at a dose of 0.1 µg/ kg/min (Norepinephrine group) or terlipressin infusion at a dose of 2 µg/kg/h (Terlipressin group) using the computer-generated number and sealed envelope method. The dose of terlipressin was selected based on the previous studies on terlipressin. [8, 10] The anesthesiologist was allowed to administer any other drug or inotrope in both groups if needed and is recorded. The study drugs infusions were continued for 24 h in the postoperative period. Hemodynamic variables such as heart rate (HR), mean arterial blood pressure (MAP), central venous pressure (CVP), MPAP, systemic vascular resistance (SVR), PVR, PVR/SVR ratio, and cardiac output (co) were measured after induction of anesthesia, after loading dose of milrinone, than at the end of surgery during skin closure. Postoperatively, the hemodynamic data are measured in the intensive care unit (ICU) every 6 h till the first 24 h. Blood samples were collected and analyzed for serum lactate concentration and mixed venous oxygen saturation although the study. Transesophageal ehocardiography (TEE) examination was performed during the intraoperative period using S7-S2 Omni TEE probe (Philips Healthcare, WA, USA), in addition, transthorasic echocardiography (TTE) was also performed 12 and 24 h postsurgery using Philips iE33 Echocardiography System (Philips healthcare, WA, USA). Echocardiographic parameters measured tricuspid annular plane systolic excursion (TAPSE) and RV Tie index for the assessment of RV function. The duration of mechanical ventilation, ICU stay, and hospital stay were recorded for all patients.
Sample size calculation
Fifteen patients in each group would be required to detect a difference of 5 mmHg in mean PAP, with an alpha error of 0.05 an beta error of 0.2. We enrolled 20 cases in each group. Statistical analysis was performed with SPSS software version 17.0 (SPSS Inc., Chicago, IL, USA). All data were tested for normality using Kolmogorov-Smirnov test. Values were expressed as mean ± standard deviation (SD) and median ± range as appropriate. Continuous variables between two groups at various time points were compared using independent t-test for parametric data and MannWhitney U-test for nonparametric data. For categorical variables, comparisons were done using Chi-square test or Fisher's exact test. P < 0.05 was considered statistically significant.
Results
From fifty patients who were screened for enrollment in this study, 40 patients fulfilled inclusion criteria and completed the study. The demographic and preoperative clinical data for all patients were comparable [ Table 1 ].
Values are expressed as mean ± SD or n (number of patients). There were no significant differences between the two groups (P ˃ 0.05).
Baseline systemic and pulmonary hemodynamic variables were similar after induction of anesthesia for all patients. Milrinone infusion decreased MAP (from 79.56 ± 4.5 to 55.21 ± 2.1 and from 78.46 ± 3.3 to 54.11 ± 1.1) (P ˂ 0.05) and decreased the MPAP (from 59.5 ± 3.5 to 25.4 ± 2.6 and from 61.3 ± 5.2 to 25.1 ± 2.3) (P ˂ 0.05) in both groups. As regard CVP, no comparable changes after milrinone compared to baseline reading. There was a slightly increase in HR of no statistical significance after milrinone in both groups. There was also a decrease in the SVR (from 2639.0 ± 456 to 1446.3 ± 321 and from 2732.432 ± 432 to 1455.7 ± 311) (P ˂ 0.05) [ Table 2 ] and a decrease in the PVR (from 253.3 ± 56 to139.5 ± 32 and from 260.3 ± 48) (P ˂ 0.05), respectively, in both groups [ Figures 1 and 2] . However, the PVR/SVR ratio after milrinone infusion is comparable to the baseline PVR/SVR ratio in both groups (P ˃ 0.05) [ Figure 3 ]. After norepinephrine infusion and throughout the 24 h postoperatively, there was an increase in the MAP (from 54.11 ± 1 to 84.15 ± 5.3 at skin closure, then 87.21 ± 3.2 at 24 h), these reading were comparable to terlipressin group (P ˃ 0.05). Norepinephrine group showed increase in the MPAP (from 25.1 ± 2.3 to 43.3 ± 2.1 at skin closure, then 39.8 ± 3.8 at 24 h) (P ˂ 0.05). Terlipressin group shows a significant lower MPAP than norepinephrine group (24.5 ± 1.4 at skin closure vs. 43.3 ± 2.1, then 20.3 ± 2.1 at 24 h vs. 39.8 ± 3.8 postoperatively in norepinephrine group) (P ˂ 0.05) [ Table 2 ]. There is a comparable increase in the SVR in both group (from 1446 ± 321 to 2454 ± 243 at skin closure, then 2426 ± 301 24 h) in terlipressin group versus (from 14557 ± 311 to 2645 ± 251 at skin closure, then 2434 ± 257 at 24 h postoperatively). The PVR showed a significant increase in the norepinephrine group compared to the terlipressin group (240.5 ± 23 vs. 140.6 ± 13 at skin closure, then 190.3 ± 32 vs. 120.3 ± 10 at 24 h postoperatively) (P ˂ 0.05) [ Figures 1 and 2] . Terlipressin group patients showed a significantly lower PVR/SVR ratio compared to norepinephrine group (P ˂ 0.05) [ Figure 3 ]. As regard CO, there was a significant increase from baseline after milrinone infusion (from 4.0 ± 0.4 to 5.5 ± 0.8 in terlipressin group and from 4.1 ± 0.5 to 5.4 ± 0.9 in norepinephrine group), this is comparable in both group throughout the study. The need for other vasopressor or inotropic drugs was also comparable between both groups [ Table 3 ]. Optimum echocardiography assessment could not be done in two patients (one in each group) due to poor echo window. Echocardiography data were analyzed for remaining 38 patients. TAPSE and RV Tei index were comparable between both the groups at all time points; however, after milrinone infusion, there was a significant improvement in TAPSE (from 18. in the terlipressin group but of no statistical importance [ Table 2 ]. Laboratory values (serum lactate, mixed venous saturation) were comparable throughout the study. The time on mechanical ventilation and the duration of ICU stay were similar in the two groups [ Table 3 ].
Discussion
In this study, we found that the administration of milrinone decreased both the pulmonary and the systemic pressure with decrease in both the PVR and SVR. The use of terlipressin reverses the systemic vascular hypotension induced by milrinone with less effect on the pulmonary vasculature pressure, and thus the MPAP and PVR/SVR ratio are decreased compared to norepinephrine use. Valvular disease of the heart causes left ventricular dysfunction, and this may lead to pulmonary hypertension. Pulmonary hypertension is an important reason for increased mortality and morbidity in such patients. [11] Prognosis is determined by adaptation of the right ventricle to this pulmonary hypertension and the presence of residual PAH after valve surgery. [12] Therefore, therapy aimed at preserving RV contractility and lower postoperative pulmonary artery pressure would give better results for these patients. Milrinone, a phosphodiesterase III inhibitor, is commonly used during post-CPB period in combination with noradrenaline to decrease pulmonary artery pressure and to provide a synergistic positive inotropic effect in the presence of β-adrenoreceptor downregulation induced by the CPB. [3, 13] In the previous studies, milrinone has proved to be effective during CPB weaning due to its positive inotropic as well as it reduced the SVR and PVR with intrinsic cardiac muscle recovery, thus provides adequate cardiac performance for patients with residual pulmonary hypertension after cardiac surgery. [2, 3, 14] PDE III inhibitors usually cause hypotension attacks at inotropic doses. [3] Maintaining the systemic pressure is as important as well as reducing the RV afterload in the management of right heart failure with pulmonary hypertension. The right coronary blood flow occurs throughout the cardiac cycle; thus, as the PVR approaches SVR, coronary perfusion will decrease. Therefore, increasing the SVR using vasopressors in the setting of increased RV afterload, the right coronary flow will increased and RV ischemia is reversed. [4] Thus, milrinone use often requires vasoconstrictors to prevent unwanted arterial hypotension. Although catecholamine vasopressors have been frequently used to treat milrinone-induced hypotension, these are nonselective on systemic vessels and may increase PVR and increase pulmonary artery pressure. Loading dose of milrinone 50 µg/kg may result in severe hypotensive attacks following cardiac surgery. Several authors studied several doses of milrinone and it is proved to cause hypotensive episodes even at low doses. [3, 15, 16] Milrinone in a low loading dose of 20 µg/kg may cause hypotensive attack in 30% of patients compared to 90% with higher dose of 40 µg/kg.
[16] Systemic hypotension should be treated vigorously in these patients, the ideal drug being one which increases the systemic arterial blood pressure (SBP) but producing minimal effects on pulmonary arterial pressure. A number of studies in animal models or in patients with acute and pulmonary hypertension have reported that norepinephrine and other vasoconstrictor as phenylephrine may effectively increase SBP with an increase in cardiac output. [17] [18] [19] [20] [21] Norepinephrine is a potent α-adrenergic vasoconstrictor and a relatively mild β-adrenergic agonist with a mild inotropic effect. The potent vasopressor effect of norepinephrine is primarily due to increased peripheral vascular resistance mediated through both the α1 and α2 postsynaptic receptors. Activation of these receptors causes pulmonary vasoconstriction therefore increasing the PVR and the PAP. [22, 23] In adults with septic shock, higher doses of NE increase PVR/SVR without worsening RV function. [24] Norepinephrine is positively inotropic through β -1 receptor agonist, thus improving RV/pulmonary arterial coupling, CO, and RV performance in acute RV dysfunction due to pulmonary hypertension. [17, 21, 25, 26] In this study, the infusion of norepinephrine after milrinone recover the decreased in both the SVR and PVR without affecting the ratio PVR/SVR between them, thus increasing the PAP in these group patients compared to terlipressin group. Terlipressin is a synthetic analog of vasopressin. In fact, it is a prodrug that is rapidly converted by endopeptidases to lysine vasopressin, which binds to specific V1 receptors on the vascular smooth muscle. [8] Endogenous vasopressin is released from the posterior pituitary in response to increased serum osmolality or reduced plasma volume.
Under normal conditions, the major physiological role of vasopressin is the regulation of water balance with a lesser role in the vascular regulation of blood pressure. However, in shock states, the endogenous release of vasopressin is an important vasoconstrictor mechanism and vascular response to "exogenous" vasopressin is much more enhanced. [27] [28] [29] [30] Terlipressin is characterized by greater selectivity for the V1 receptor than vasopressin, and therefore, has a stronger vasopressor effect. Terlipressin is used to treat the acute episodes of esophageal bleeding in cirrhotic patients. Terlipressin has a longer duration of action compared to vasopressin (the half-life of terlipressin is 6 h and that of vasopressin is 24 min. [31] In this study, terlipressin showed selective vasoconstriction on the systemic vessels with a less effect on the pulmonary vessels. There was a reversal to the vasodilator effects of milrinone on the systemic vascular system with a decrease in both the MPAP and the PVR/SVR ratio in the terlipressin group compared to the norepinephrine group. Vasopressin and terlipressin in addition to systemic vasoconstrictor effect mainly on splanchnic circulation, provokes vasodilatation in some vascular regions as cerebral and pulmonary circulation. The mechanism of this vasodilatation can be explained by production of NO at the level of the endothelial cells. The receptors involved have not been clearly identified. It has been shown that vasopressin provokes vasodilatation of the pulmonary artery both under physiological and hypoxic conditions, and this effect was mediated by V1 receptors and endothelium-derived nitric oxide, [32] [33] [34] the PVR was not increase until a high level of vasopressin concentration was reached (300-500 mg/ml). [35] Many previous clinical studies, analyzed the effects of vasopressin on for systemic blood pressure and SVR, however, the effect on the pulmonary artery pressure and PVR is not always inconsistent. [6, 9, [36] [37] [38] Vasopressin infusion proved to a have a vasoconstrictor effect on the systemic vascular system and to lesser effect on pulmonary vascular system and thus decrease the PAP. [9, 36, 37] However, in contrast to these results, Morelli et al. [38] reported an increase of PVR by terlipressin in patients with catecholamine-treated hyperkinetic septic shock. Some explanation for these variations may be that vasopressin was infused in abnormal hemodynamic shock state and other important factors that affect the PVR and pulmonary artery pressure as temperature, volume status abnormality, and paCO 2 level were not adequately control in such patients. Studies on cirrhotic patients suggest that terlipressin decreases the systolic pulmonary artery pressure is by reducing the blood flow in the pulmonary circulation. [39] Selective vasodilator effect of vasopressin and its analog terlipressin on the vessels of brain [40] and kidney [41] as well as heart [42] has been proved in many studies, as these organs are the targets of protective strategies in cardiac surgery, terlipressin may be more suitable for the management of milrinone-induced hypotension in such cases. The cardiac output value for both terlipressin and norepinephrine group were comparable throughout this study; in a resuscitation pig model, the vasopressin reduced cardiac index during the postresuscitation period. [43] The vasoconstrictive effect of vasopressin and the subsequent decrease of cardiac output may be reversed by milrinone. This explained the mechanism of action of milrinone which is a phosphodiesterase III inhibitor. [44] Echocardiographic assessment of RV function remains challenging because of complex right ventricle chamber. TAPSE is the most commonly used longitudinal function parameter index for assessment of right ventricle systolic function, Tei index is considered to be a load-independent parameter for the assessment of RV systolic and diastolic function. [45] Tei index shows a good correlation with PVR drop after surgery in chronic thromboembolic pulmonary hypertension. [46] In our study, the lower reading recorded is of no statistical significance.
Conclusion
We concluded from this study that the use of terlipressin after milrinone in patients with pulmonary hypertension will reverse the systemic hypotension with a lesser effect on the PVR and pulmonary artery pressure.
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